Only few studies have reported the association between bronchiectasis and mortality in patients with Chronic Obstructive Pulmonary Disease (COPD) and the results were controversial. This study aimed at assessing the prognostic influence of bronchiectasis on COPD patients and comparing differences of prognostic influence of different types of bronchiectasis on COPD patients.
Introduction COPD (Chronic Obstructive Pulmonary Disease) is a heterogeneous disease with high morbidity and mortality and its mortality will continue to increase in the coming decades. Therefore, identification of COPD patients at risk for higher mortality is very important.
Currently, many variables which are associated with increased mortality of COPD such as severe exacerbations of COPD [1] , pulmonary hypertension and weight loss, age, gender [2] , some biologic parameters, such as C-reactive protein, neutrophil count, eosinophil count [3] , fibrinogen and hypercapnia [4] [5] , Pseudomonas aeruginosa isolates have been detected [6] . However, these evidences are insufficient to explain the whole picture of COPD death risk. COPD often coexists with other diseases (comorbidities) which may have significant impacts on prognosis of COPD patients. With increasing use of high-resolution computed tomography (HRCT) in assessment of COPD, a high prevalence of previously undiagnosed bronchiectasis was found in COPD patients, ranging from 8.1-69% [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Some previous studies suggested the presence of bronchiectasis predicted worse outcome of COPD patients [9-11, 13, 15, 20] .Therefore, bronchiectasis was proposed as one of COPD comorbidities by 2014 global initiative for chronic obstructive lung disease (GOLD).
Up to now, there have been limited studies related to prognostic impact of bronchiectasis on COPD patients and the results were controversial [7, 11, 13, 21] .
Bronchiectasis is described as cylindrical, varicose and cystic types according to morphology [22] . The previous studies reported most of radiological bronchiectasis were cylindrical in COPD population, and a few of bronchiectasis were varicose/cystic [8, 13] .
Mao et al found comorbid cylindrical bronchiectasis patients presented higher oxygen partial pressure and moderate dyspnea than comorbid cystic bronchiectasis patients [13] .
Another study revealed that there were more frequent mucopurulent sputum and more severe airway obstruction in comorbid cystic/varicose bronchiectasis patients compared with comorbid cylindrical bronchiectasis patients [8] . Therefore, we suspected that whether the presence of cystic/varicose bronchiectasis predicted worse prognosis of COPD patients. Up to now, there has been no study about the relationship between types of bronchiectasis and mortality of COPD patients. In the present study, our main aims were to assess the prognostic influence of the presence of bronchiectasis diagnosed on HRCT within 2 years prior to this hospitalization due to COPD exacerbation and its severity on COPD patients. In addition, we also compared differences of prognostic influence of different types of bronchiectasis on COPD patients.
Materials and methods

Study subjects
1148 patients firstly hospitalized for COPD exacerbation at Beijing Chao-Yang Hospital of affiliated hospital of Capital Medical University between January 1, 2013 and December 31, 2014 were identified. COPD was defined by smoking history ≥10 pack-year or/and biomass history ≥10 years and postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) <70% according to GOLD [23] . Patients who underwent HRCT scans within 2 years prior to first hospitalization due to COPD exacerbation between January 1, 2013 and December 31, 2014 were included in this study. We excluded 400 patients admitted with COPD exacerbation. Excluded patients included: 174 patients with doctor diagnosed bronchiectasis or asthma before COPD; 4 patients with interstitial lung disease; 14 patients with active cancer; 22 patients with history of lobectomy; 1 patient with active tuberculosis; 7 patients with severe lung damage resulting from previous pulmonary tuberculosis ("destroyed lung"); 10 patients with allergic bronchopulmonary aspergillosis ("ABPA"); 125 patients without available HRCT scans; 19 patients with unexplainable HRCT; 24 patients admitted to hospital because of comorbidities rather than COPD exacerbation. Of 1148 COPD patients were initially eligible for the study, 748 COPD patients were included in this study after exclusion. The earliest hospitalization data for patients repeatedly hospitalized for COPD exacerbation between January 2013 and December 2014 were used for analysis.
Lung HRCT analysis
Chest HRCT was performed using a 64-MDCT system (LightSpeed VCT, GE Healthcare). The presence and the extent of radiological bronchiectasis were independently evaluated and interpreted by a radiologist and a respiratory physician who were blind to clinical data of study subjects. If there were differences in the readings, the radiologist and the respiratory physician discussed the case and reached a final consensus. The diagnostic criteria of bronchiectasis were as follows [24] : (1) lack of tapering of bronchia; (2) the internal diameter of the dilated bronchus was greater than that of the adjacent pulmonary artery; (3) the peripheral bronchus can be seen within the 1 cm of the costal pleural surface or adjacent mediastinal pleural surface. The extent of bronchiectasis was scored according to the scoring system suggested by Smith (0=0%, 1<25%, 2=25-49%, 3=50%-74%, 4≥75%). The lingula was counted as a separate lobe, therefore, each patient may have a maximum score of 24 [22] .If bronchiectasis was identified only in one pulmonary segment, it was not counted, as this may exist in a significant percentage of healthy population [25, 26] .Therefore, COPD patients with a total score of 2 or more were considered as comorbid clinically significant bronchiectasis patients, while those with a score of 0 or 1 were counted as normal. The types of bronchiectasis were defined according to the morphology of bronchiectasis [22] .
Clinical variables
Data that were collected from electronic inpatient medical record included age, sex, body mass index; smoking status; clinical outline (Time since onset of symptoms, daily expectoration, history of dyspnea, length of hospital); hospitalization for acute exacerbation of COPD in the previous year; previous history and comorbidities; laboratory blood tests; sputum pathogenic microorganism tests; post-bronchodilator pulmonary function within 1 year prior to this COPD exacerbation.
Follow-up Assessment
The follow-up was completed on March 1, 2018. The endpoint event of this study was allcause mortality of each patient. Information about death events of COPD patients was obtained by telephone contact with these patients or their relatives or from electronic inpatient medical record. A patient was considered loss of follow-up if we were unable to contact with the patient during the study period. For each patient, the end date of followup was the date of death or the last contact of the patient.
Data analysis
Quantitative variables were expressed as mean±standard deviation (SD) and qualitative variables were expressed as absolute numbers and percentages. In the bivariate analysis, Student's t test was used for comparison of normally distributed data and Mann-Whitney U test was used for comparison of non-normally distributed data between two groups.The chi-square test was used for comparison of qualitative variables between two groups.
Cox's proportional hazard regression model was used for analysis of independent risk factors of mortality of COPD patients. The following initial factors were examined for the prognostic value of COPD patients: sex, age, smoking history, length of hospitalization, time since onset of symptoms, daily expectoration, hemoglobin, albumin, fibrinogen, presence of PPMs (potential pathogenic microorganisms) in sputum, previous tuberculosis history, pulmonary heart disease, ischemic heart disease, arrhythmias, heart failure, Pseudomonas aeruginosa isolates, hospitalization for acute exacerbation of COPD in the previous year, the presence of bronchiectasis, the Smith score of bronchiectasis or bronchiectasis type. Results were expressed as hazard ratio (HR) and 95% confidence interval (CI). Hazard ratios (HRs) were presented in two ways: (1) for comorbid bronchiectasis subjects compared with the absent of bronchiectasis subjects; (2) the quantitative variables "Smith score" instead of the dichotomous variables "presence of bronchiectasis" compared with the absent of bronchiectasis subjects. In addition, Cox's proportional hazard regression model was also used for the analysis of prognostic influence of different types of bronchiectasis on COPD patients. The forward stepwise method was used and variables with a p value >0.1 were removed from the model. Finally, Kaplan-Meier survival analysis were performed with the log-rank test to compare survival curves between patients with and without bronchiectasis or among absent, cylindrical, varicose/cystic bronchiectasis patients. A p value of <0.05 was considered to be statistically significant. Analyses were performed with SPSS version 23(SPSS Chicago IL).
Results
Patients
A total of 748 COPD patients were included in the study. There were 550 (73.5%) males and 198 (26.5%) females. The mean age of all of the COPD patients was 73.06±9.34.
There were 587 (78.5%) current or former smokers, and the average pack-years smoked was 41.31±29.21. 69 (9.2%) patients presented a history of pulmonary tuberculosis and received anti-tuberculosis therapy. Radiological bronchiectasis (Smith score ≥2) was diagnosed on HRCT in 318 (42.5%) COPD patients (see Table 1 ), with the Smith score ranging from 2 to 16 and the average score of bronchiectasis was 4.35±2.35. The total bronchiectasis score was shown in Figure 1 . Table 1 showed comorbid bronchiectasis patients tended to be male, had lower body mass index, a longer history of exertional dyspnea, greater fibrinogen concentration, more
Pseudomonas aeruginosa isolates compared with without bronchiectasis patients (p<0.05).
No other significant differences were observed between two groups (p>0.05). Table 2 showed baseline lung function comparison between comorbid bronchiectasis patients and without bronchiectasis patients. The comorbid bronchiectasis patients tended to have lower FEV 1 % predicted (p=0.013) and FEV 1 /FVC% (p=0.003) compared with without bronchiectasis patients.
Follow-up and survival analysis
Of all of the patients, 17 COPD patients died in hospital, 99 COPD patients were not contacted during the follow-up period, the dates of death in 8 patients were not clear and therefore 624 COPD patients were used for survival analysis. The characteristics of COPD patients included and not included in the survival analysis were shown in Supplementary   Table A1 . There was no difference between two groups other than daily expectoration (see Supplementary Table A1 ). 210 (33.7%) patients died during a median follow-up time of 46 months. 5 survived less than 30 days, 5 survived less than 90 days, 29 survived less than 1 year, 60 survived less than 2 year, 57 survived less than 3 year after discharge, respectively. Comorbid bronchiectasis patients revealed higher mortality in 3 years after discharge and all follow-up period than without bronchiectasis patients (p<0.05), while there was no significant difference in hospital, 1 year and 2 years mortality (p>0.05).
During the follow-up period, 145 (69%) patients died from respiratory cause; 20 (9.5%) patients died from cardiovascular diseases; 17 (8.1%) died from cancer; other 28 (13.3%) patients died from other causes. There was no difference in causes of death between two groups (p=0.405) (see Supplementary Table A2 ). Figure 2 showed the significantly different survival curves between comorbid (n=272, 112 death) and without (n=352, 98 death) bronchiectasis patients (log-rank test 11.201, p=0.001). Multivariate Cox's proportional hazard regression analysis showed bronchiectasis was independently associated with mortality of COPD adjusted for confounding variables (HR 1.504, 95%CI, 1.144-1.978, p=0.003). Other variables such as age, length of hospitalization, albumin, hospitalization for acute exacerbation of COPD in the previous year, pulmonary heart disease were also independently associated with mortality of COPD patients in the unadjusted and fully adjusted models (see Table 3 ).
Furthermore, using of Smith score of bronchiectasis instead of the presence of bronchiectasis included in the same model was still independently associated with mortality of COPD patients (HR 1.058, 95%CI, 1.007-1.112, p=0.026) (see Table 4 ).
The subjects in this study were patients with acute exacerbation of COPD. To minimize the possibility that early death of the patients may be associated with this acute exacerbation, Cox regression analysis was repeatedly evaluated after excluding patients who died in hospital and died within 90 days after discharge and the result showed the presence of bronchiectasis and its severity were still independently associated with increased mortality of COPD adjusted for confounding variables (see Supplementary Table   A3 , Supplementary Table A4 ).
Characteristics of comorbid bronchiectasis patients
Among 318 COPD patients with bronchiectasis patients, 259 (81.4%) patients showed cylindrical bronchiectasis, 59 (18.6%) showed cystic/varicose bronchiectasis. Table 5 showed comorbid cystic/varicose bronchiectasis patients had more Pseudomonas aeruginosa isolates compared with comorbid cylindrical bronchiectasis patients (p=0.017).
272 COPD patients with bronchiectasis completed the follow-up, 112 (41.2%) patients died during the follow-up period. Figure 3 showed Kaplan-Meier curves separated significantly among COPD without bronchiectasis, comorbid cystic/varicose bronchiectasis, comorbid cylindrical bronchiectasis groups (log-rank test 18.201, p <0.001). Multivariate Cox's proportional hazard regression analysis showed comorbid cystic/varicose bronchiectasis patients presented worse prognostic risk compared with cylindrical bronchiectasis patients (HR 1.683, 95% CI 1.084-2.612, p=0.020) (see Table 6 ).
Bronchiectasis associated with COPD is rarely cystic/varicose type. To minimize the possibility that radiological bronchiectasis was secondary to primary bronchiectasis with airflow obstruction rather than associated with COPD, Cox regression analysis was repeatedly evaluated after excluding COPD patients with severe bronchiectasis (cystic/varicose). Multivariate Cox regression analysis showed the presence of cylindrical bronchiectasis was still independently associated with increased mortality of COPD patients (HR 1.426, 95%CI, 1.064-1.910, p=0.017) after adjusted for confounding variables (see Supplementary Table A5 ).
Discussion
Our study subjects were based on inpatients with COPD exacerbation, which was different from the previous studies from stable COPD patients. Our findings predicted that the presence of bronchiectasis and its severity were independently associated with all-cause mortality in patients with COPD exacerbation. Meanwhile, further analysis revealed the presence of cystic/varicose bronchiectasis predicted worse prognosis of COPD patients than that of cylindrical bronchiectasis, which was the first study showing the relationship between different types of bronchiectasis and mortality of COPD patients.
A high proportion of radiological bronchiectasis in COPD patients in our study was 42.5%.
Although there were no studies which had definitely reported the causal relationship between COPD and bronchiectasis, the point was suspected by the condition: the previous study reportedup to 40% COPD patients had high risk of a large number of meaningful bacterial colonization, especially in patients with a higher degree of airway obstruction [27] . This situation impairs host defense mechanisms [28] , subsequently increases airway inflammation reaction and progressive lung structural damage, which is a vicious cycle and provides a base for formation of bronchiectasis. In our study, identification of bronchiectasis in COPD patients was associated with some worse functional and physiological parameters in COPD patients, which were in agreement with previous studies [10, 11, 13, 15] .These findings predicted comorbid bronchiectasis patients might have worse prognosis.
During the long-term follow-up period, COPD patients with bronchiectasis showed a higher mortality than those without bronchiectasis. However, there was no significant difference in mortality within 2 years. This point may be suspected by this condition: increasing exacerbation frequency is associated with higher mortality and exacerbations in the previous year is the single best predictor of future exacerbations [29] [30] .The previous study reported the presence of bronchiectasis was associated with frequent exacerbation or hospitalization [12] , which may predict comorbid bronchiectasis patients have frequent future exacerbations and subsequently increased bronchiectasis extent, furtherly resulted in an increased risk in long-term mortality of COPD. Otherwise, it may also be associated with a relatively low in mortality of COPD within 2 years. This is only a guess and needs to be confirmed by further research. Meanwhile, our data showed the presence of bronchiectasis was independently associated with all-cause mortality of COPD adjusted for other variables, which was consistent with the studies of Martinez Garcia et aland Mao et aland contrary to another two studies from Gatheral and Jairam et al [11, 13, 7, 21] .The discordance could be explained by difference in study design. The first two studies were mainly concerned with the presence of bronchiectasis considered as a dichotomous variable, while the latter two studies were concerned with severity of bronchiectasis.
When using quantitative variable "Smith score" of bronchiectasis instead of the dichotomous variable "presence of bronchiectasis", this result was also confirmed. In view of our study subjects who were patients of severe exacerbation of COPD, early death may be associated with this acute exacerbation of COPD. Therefore, further analysis was performed after excluding patients who died in hospital and within 90 days after discharge, which revealed bronchiectasis was still independently associated with increased all-cause mortality of COPD patients, furtherly confirmed radiological bronchiectasis in COPD patients could be used as a new and distinct clinical phenotype [31] ,mainly affected the long-term survival of COPD patients.
In our study, comorbid radiological bronchiectasis in COPD patients was mainly cylindrical type. In the previous study, the presence of cystic/varicose bronchiectasis in COPD patients presented more clinical symptoms, more severe lung function than cylindrical bronchiectasis 8 and was associated with bacterial colonization [32] . In our study, comorbid cystic/varicose bronchiectasis patients presented higher Pseudomonas aeruginosa isolates compared with cylindrical bronchiectasis patients. Because Pseudomonas aeruginosa isolates [6, 33] , severe lung function may be associated with increased mortality in COPD patients [34],we suspected whether cystic/varicose bronchiectasis predicted worse prognosis in COPD patients. Our data revealed COPD patients without bronchiectasis presented the best prognosis, while comorbid cystic/varicose bronchiectasis patients presented the worst prognosis, the prognosis of comorbid cylindrical bronchiectasis patients lay between two groups. Furthermore, we perceived the presence of cystic/varicose bronchiectasis was independently associated with an increased risk of death of COPD patients with bronchiectasis. In order to minimize the possibility that the presence of bronchiectasis was mainly from primary bronchiectasis with airflow obstruction rather than secondary to COPD, our further analysis was performed and the data result revealed that the presence of cylindrical bronchiectasis was still a prognostic risk factor for mortality of COPD after excluding comorbid cystic/varicose bronchiectasis patients. These studies furtherly confirmed comorbid bronchiectasis especially cystic/varicose bronchiectasis predicted worse prognosis of COPD patients.
This study has several limitations. Firstly, due to nature of the retrospective study, some variables which may affect prognosis of COPD patients such as lung function and body mass index have more missing data, therefore, they were not included in survival analysis. Secondly, it was still difficult to distinguish whether bronchiectasis was associated with COPD especially comorbid severe bronchiectasis after excluding some known causes of secondary bronchiectasis. Finally, some data with regard to management of COPD patients in follow-up period such as lung rehabilitation and medicine usage such as antibiotics and vaccination were not included in survival analysis. These factors may influence our results analysis.
In summary, based on the current study, the presence and the severity of bronchiectasis were independently associated with prognosis of COPD patients. In addition, another significant discovery was that the presence of varicose/cystic bronchiectasis predicted worse prognosis of COPD than that of cylindrical bronchiectasis. Furtherly rigorous and large-scale prospective studies are needed to affirmed causal relationship between bronchiectasis and COPD and the prognostic influence of bronchiectasis on COPD patients. 
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*A total of 272 patients with chronic obstructive pulmonary disease associated with bronchiectasis were followed up, 112 of whom died during the study.
Abbreviations: PPMs, potential pathogenic microorganisms. Abbreviations: HR, hazard ratio; CI, confidence interval.
Figures
Figure 1
Total bronchiectasis score
Figure 2
Kaplan-Maier survival curves between COPD patients with and without bronchiectasis groups (log-rank test 11.201, p=0.001).
Figure 3
Kaplan-Maier survival curves among non-bronchiectasis and cystic /varicose bronchiectasis and cylindrical bronchiectasis groups (log-rank test18.201, p<0.001).
